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The response of a soft-phonon ferroelectric material subjected to a high-intensity optical pulse of duration much shorter than the period of the phonon is modeled using a classical, finite-temperature simulation.
It is found that complete, permanent reversal of the orientation of the ferroelectric domains may occur even when the energy per atom imparted by the light pulse is much less than the average thermal energy. The result raises the possibility of using the effect to create optical switches or data storage media with switching times less than 10 psec. 3] . On the time scale of the atomic vibration, the primary effect of the light pulse is to impart (through an appropriate nonlinear photon-phonon coupling, e. g., Raman coupling) an approximately instantaneous impulse to the motion of the atoms in the relevant mode of vibration -thus giving rise to the name "impulsive scattering" for this process [1] .
The resulting oscillations in the atomic positions, following the application of the light pulse, can be probed in real time by observing their effect on the reQectivity of the material as atoms moving back and forth modulate the electronic response [2, 3] . Since the duration of the optical pulse is very short and does not modify the subsequent, intrinsic dynamics of the atomic system, impulsive scattering has provided a useful tool for the time-domain investigation of phonon motion. In particular, because of the large amplitude of atomic motion attainable, it is a natural means for investigation of anharinonic effects [3] .
In ferroelectrics, antiferroelectrics, and other softphonon materials, the formation of domains is associated with the development of a permanent nonzero phonon displacement below the transition temperature T, [4] . In By taking a nearest-neighbor coupling only, we are neglecting, for example, the important long-range coupling to the polarization field present in ferroelectrics [5, 7] . However, for the purposes of the present general discussion, such a coupling does not affect our qualitative conclusions. The essential feature we wish to represent is 1122 003 1-9007/94/7 3 (8)/1 1 22 (4)$06.00 1994 The American Physical Society the softening of the phonon branch near the center of the Brillouin zone. Throughout this paper we will assume that we are considering the material below the structural phase transition temperature, where the soft-phonon mode of the high-temperature structure has acquired a permanent nonzero amplitude.
In the one-dimensional case of this model, the smallamplitude, harmonic oscillations about the well minima have a dispersion relation given by
where q is the phonon wave vector, measured in units of the inverse atomic spacing. Thus, the phonon branch is substantially softened (i.e., has a frequency less than twice the lowest frequency cu;"= 2~a) over a fraction approxirnately Qa/k of the entire Brillouin zone [8] . In the real materials of interest, this fraction is typically 10%-30% in a given direction in the Brillouin zone [9] , as long as we are not too close to the transition temperature, so that it is reasonable for illustrative purposes to use a ratio k/a = 20 in our simulations. Parenthetically, we note that, even within the model, the phonon frequencies are temperature dependent, due to the anharmonicity of the potential u(x) [8] . This choice of parameters places the model in the "displacive" regime [10] . Since an identical velocity pulse is given to each particle, the entire system merely follows the dynamics of a single particle in the potential u(x), with the damping y. In this situation, the final state of the particle is either at Qa/2 or at -Qa/2. Which value it finally takes depends on how many times the particle can climb over the barrier in u(x) before damping reduces its energy below the barrier height. If it can pass the barrier an odd number of times, it has a final value of -Qa/2. Otherwise, it has a final value ga/2.
The width of the first energy window above the first threshold is equal to the energy lost due to damping during one half-period of the motion, i.e. , the energy lost to damping in moving from x = 0, x ) 0 back to x = 0, x ( 0 (see Fig. 2 Fig. 1 is the fact that the energy threshold over which fragmentation occurs is much smaller than the temperature of the system. Thus, V, -V x(V) = xperf 2kaT ND (2) where xp is the full polarization value. Equation (2) gives an excellent fit to the simulation results near threshold.
We find a value of Nri = 12/k/a for one-dimensional systems and ND = (30/k/a)2 for two-dimensional systems. Three Fig. 1 , but for a 400 X 400 system with temperature k&T = 4.5.
sizes are limited only by the diffraction limit, it appears that our mechanism should operate in a range accessible to experiments. We emphasize that the kinetic energy per particle required to flip a domain decreases with T, especially near the phase transition temperature T, (see Fig. 3 ). In addition, we note that Bg/iix can be enhanced by using laser frequencies in the vicinity of the material's energy gap. These considerations suggest that experimental realizations of our proposal may be feasible at the lower end of available energies.
The 
